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Geometry of isolated alkane linear and ring molecules
The DFT code (SIESTA) 28 was used to obtain fully relaxed geometries of the isolated alkane linear chains and rings, as shown in Supplementary Figure 1 and Supplementary Table 1 (including linear chains terminated with thiols and methyl sulphides). In this work, we choose three different alkane linear chains based on their terminal groups. The first chain is terminated with CH3 groups, the second chain is terminated with SH groups and the last is terminated with SMe (methyl sulphides) groups (see Fig 1 in Here, we present the fully relaxed isolated conformations of six alkane linear chains. We started by four CH2 units, then we increased the length by adding one unit each time until n=9. Increasing the length by one CH2 unit switches the alkane chains from trans to cis (i.e. n= 4, 6 and 8 chains are trans, while n= 5, 7 and 9 chains are cis), as shown Supplementary For alkane ring relaxation, we start with the initial geometries shown in Supplementary Table   1 and obtain the fully relaxed geometries shown in Supplementary Table 1. The side views of the geometries reveal that the even-numbered rings tend to be more planar than the oddnumbered rings. As examples, Supplementary Figure 2 shows the relaxed geometries of n=4, and n=7 rings.
Supplementary Figure 2.
Fully relaxed alkane rings of length of n=4 and n=7 CH2 units. For 
Conductance comparison between linear chains of different terminal groups
In this section, we compare the conductance G of linear chains of three different terminal groups, including covalent bond Au-C, thiols Au-S and methyl sulfides Au-SMe.
Supplementary Figure 6 shows that the conductance G is highest for the covalent bond Au-C and lowest for the methyl sulphide (SMe) terminal group. These results in agreement with earlier experimental and theoretical studies. [22] [23] [24] [34] [35] [36] For comparison the red line in Supplementary Figure 6 shows experimental results (n= 4, 6 and 8) 37 , for the conductances with Au-C bond at the electrodes. We make this comparison to benchmark our theoretical , and theory for Au-C terminal group (red and black curves). 
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Effect of conformation on conductance
As it is mentioned above, n= 5 and 7 rings have the less planar geometries than evennumbered rings. To examine the role of conformation on the conductance, we forced the odd cavities 5 and 7 into more planar conformations shapes (such as structure B in Supplementary Table 2 ). The black and red curves in Supplementary Figure 8 show the transmission functions of structures A and B respectively and demonstrate that forcing the chains into a more planar conformation increases their conductance.
Since for n=5, the energy difference between these conformations is only 0.034 eV, other conformations may be sampled in a real experiment. As examples, we created ten nearby 
Effect of changing bond distances and bond angles
As noted above, our calculations (see Supplementary Figure 3 ) find the most energetically favourable binding distance between the electrode and the end group. After determining the resulting relaxed geometries, they are kept the same for all calculations (For the terminal Au-C, the covalent bond distance is found to be 2.3 Å, with a Au-C-C angle of 123°. For the thiol terminal group, the Au-S distance is 2.5 Å, with a Au-S-C angle of 120° and for the SMe, the Au-S is slightly bigger at 3.0 Å, with a Au-S-C angle close to 180° as illustrated in Fig 1 in the manuscript (for more detail see Supplementary Figures 3 and 5 ).
Of course changing connection mode (by not taken the optimum values) will change the conductance. For example, increasing the covalent bond distance Au-C from the optimal vale of 2.3 Å to 2.5 Å marginally lowers the conductance. Similarly, increasing or decreasing Au-C-C angle effects the conductance. However, the conductance ratios of linear chains versus alkane rings are approximately preserved and the same trends are obtained. 
Quantum transport calculations
The mean-field Hamiltonian obtained from the converged DFT calculation was combined with our implementation of the non-equilibrium Green's function method, (the Gollum transport code, 
